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chytrid fungus, Batrachochytrium dendrobatidis, was detected in spray toads that died 23 during the extinction event and subsequently in other amphibian species in Kihansi 24 Gorge and the adjacent Udagaji Gorge, but not in any toads collected prior to this. 25
Following the population decline, the remnant spray toad population gradually 26 disappeared over a nine-month period. We demonstrate how demographic and 27 behavioral attributes predisposed the spray toads to chytridiomycosis, due to B. 28 dendrobatidis infection, and how epidemic disease could have been exacerbated by 29 altered environmental conditions in the spray wetlands. Our results show that 30 chytridiomycosis was the proximate cause of extinction in the wild of N. asperginis. 31
This represents the first known case of extinction by disease of an amphibian species 32 in Africa. A captive breeding program in the US and Tanzania ensures the survival of 33 the species and a reintroduction program is underway. However, we caution that 34 classified as naturally rare at the time of its discovery due to its small geographic 48 range (Rabinowitz et al. 1986 ), within its limited habitable range N. asperginis was 49 locally abundant, owing to its characteristically dense populations (Channing et al. 50 2006) . 51
The spray wetlands underwent severe alteration because of a ten-fold reduction in 52 water flow following the construction of a hydroelectric power plant that was 53 commissioned in May 2000. The bypass flow released from the newly constructed 54 dam above the main Kihansi falls was not sufficient to generate the spray that 55 characterised the gorge and sustain the unique ecosystem within it (Quinn et al. 2005) . 56
Immediately following the diversion of the river, the spray toad population 57 experienced a considerable drop in numbers from its original population estimated at 58 almost 18,000 (Channing et al. 2006 ). An elaborate sprinkler system was installed in 59 three of the five wetlands (Upper, Lower and Mid-Gorge Spray Wetlands) to mitigate 60 the situation by mimicking the spray zone conditions of high relative humidity and 61 low, constant temperatures (NORPLAN 2001) . Spray toad numbers continued to 62 fluctuate, but substantially increased from below 2,000 in March 2001 to almost 63 18,000 in early June 2003 for the Upper Spray Wetland (Channing et al. 2006 ). In the 64 weeks following the June 2003 census, however, population numbers unexpectedly 65 plummeted and N. asperginis was declared extinct in the wild after repeated 66 subsequent surveys yielded no records of the spray toad (IUCN SSC Amphibian 67 Specialist Group, 2015). A captive assurance population established in December 68 2000, following the initial population decline, prevented the extinction of the species. 69
The offspring of these founder animals were housed at the New York Bronx and 70 This sudden, catastrophic population crash lasted less than one month and left 84 only a small remnant of the population alive. This remnant population gradually 85 declined over the next eight months until no more toads could be found (Hawkes et al. 86 2008) . A crash of this magnitude is characteristically caused by a stochastic event that 87 pushes a population beyond its resilience threshold. The variation in a number of 88 demographic traits (demographic stochasticity) is proportionally larger, the smaller 89 the population size (Shaffer 1981 ), but the spray toad population was at its peak in the 90 months preceding the crash and had survived all former fluctuations in population size 91 despite a modified habitat. Similarly, environmental stochasticity is more prone to 92 cause the extinction of small populations. Although the normal range of variation in 93 physical factors was dramatically altered by a temporary shut-down of the sprinkler 94 system during flushing of the dam, the same procedure had been successfully 95 conducted before without adversely affecting the toads. It appears more likely that a 96 catastrophe (e.g. hurricane, major fire, epizootic disease) to which small populations 97 are particularly vulnerable caused the N. asperginis population crash. The field survey included the screening of 60 specimens from seven amphibian 208 species from Kihansi Gorge, and 20 specimens from Udagaji Gorge (Table 1) suggesting that it was at high risk of population decline due to chytridiomycosis. The 301 exceptionally high densities at which spray toads used to occur (up to 17 toads/m 2 ), 302 together with the habit of congregating on exposed rocks within wetlands (Poynton et 303 al. 1998 ), implies that substantial physical contact occurred between individuals. It 304 has been demonstrated that B. dendrobatidis transmission is density dependent and 305 that host population density governs host-pathogen dynamics . 306
Thus it is likely that the population density and behaviour of N. asperginis facilitated 307 frog-to-frog transmission and enabled the rapid spread of B. dendrobatidis. 
